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(54) INVERTER DEVICE 

(57)Abstract: 

PURPOSE: To alleviate a current share in a plurality of respective 
inverters by commonly using magnetic fluxes crossing the feedback 
windings of the inverters, thereby oscillating the inverters in the same 
polarity and period. 

CONSTITUTION: A transformer T3 is connected to the output terminal 
connected in parallel with the output terminals of two push-pull inverters 
INV1, INV2, the secondary windings n4, n5 of the transformer T3 are used 
as feedback windings, and the both ends of the windings n4, n5 are 
connected between the base terminals of pairs of switching transistors 
Q1, Q2 and Q3, Q4 which form the both inverters INV1, INV2. Since 
magnetic fluxes of the windings n4, n5 are commonly used, the voltage 
fed back between the base terminals of the two inverters INV1, INV2 can 
be set to the same period and polarity, i.e., in phase. 
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2. Scope of the Claims 

(1). An inverter apparatus comprising a plurality of inverters each receiving a DC 
voltage or a rectified voltage and turning on/off a pair of incorporated switching 
transistors, so as to output a high-frequency voltage via an oscillation transformer, a 
load being connected to the output terminals of each of the inverters, and the output 
terminals being connected in parallel to one another, 

wherein each of the above inverters is provided with a feedback winding for 
allowing the feedback of an output voltage from the inverter apparatus, both ends of 
each of the feedback windings are connected to the base terminals of both of the above 
transistors, and magnetic flux interlinking with each of the feed back windings is used 
in common. 

3. Detailed Description of the Invention 
(Technical Field) 

The present invention relates to an inverter apparatus for supplying a 
high-frequency voltage to a load. 
(Background Art) 

Fig. 1 shows a circuit diagram relating to a push-pull inverter. Based on the 
inverter, an AC power supply Vs is supplied through a full-wave rectifier DB, and thus 
a DC voltage is obtained. The DC voltage then passes through a constant-current 
choke CH and a primary winding ni of an oscillation transformer T, and a pair of 
switching transistors Qi and Q 2 are alternatively turned on/off. In this way, an output 
winding n 2 of the oscillation transformer T generates a high-frequency voltage, and 
thus a load Z is provided with a high-frequency power. In the figure, reference 
character C denotes a resonance capacitor; n 3 denotes an oscillation feedback line; E 
denotes a bias supply; R 0 denotes a starting resistor; and R\ and R 2 denote bias 
resistors. 

The operation of the inverter will be described. When the AC power supply 
Vs is inputted, it passes through the starting resistor R 0 , and a base current flows 
through the transistors Qi and Q 2 . While both of the transistors begin to conduct, one 
of the transistors is caused to be turned on before the other due to variation of the 
transistors or the like. As a result, an oscillating voltage is generated in the 
oscillation transformer T. The oscillating voltage is fed back between the base 
terminals of both of the transistors Qi and Q 2 by the feedback winding n 3 , causing the 
level of the transistor turned on first to be increased further and the level of the other 
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transistor to be decreased further. Such operation continues until the oscillating 
voltage reaches a zero-cross point. Thereafter, the on/off-state of both of the 
transistors Qi and Q 2 is reversed, and they are alternatively turned on/off. Thus, a 
high-frequency voltage is generated in the oscillation transformer T, and a 
high-frequency power is supplied to the load Z. 

In cases in which the load Z connected to the output winding n 2 of the 
oscillation transformer T is heavy, for example, in cases in which a plurality of loads 
are connected in parallel, the current supplied to the load Z is increased. Further, the 
current flowing through the output winding n 2 is increased and the magnetic flux of the 
oscillation transformer T is also increased. Thus, when the load Z is heavy; that is, 
when the capacity of the load Z is large, in order to prevent the saturation of the 
magnetic paths of the iron core of the oscillation transformer T, it is necessary to 
enlarge the cross-sectional area of the magnetic paths, resulting in an increase in the 
size of the oscillation transformer T. Further, both of the transistors Qi and Q 2 
require large electric capacity. Furthermore, since a high voltage approximately three 
times the power supply voltage is applied between the collector and the emitter of each 
of the transistors Qi and Q 2 during operation, high-voltage transistors are used. 
However, high-voltage, high-capacity transistors are costly, and also, when those 
having a small degree of margin with respect to current are used, reliability is 
decreased. 

Thus, in cases in which the capacity of the load Z is large, when 
miniaturization of the oscillation transformer T and reliability of the switching 
transistors Qi and Q 2 are taken into account, such method is conceivable that the 
outputs from a plurality of inverters are synthesized so as to reduce current burden on 
the oscillation transformer T and the transistors Qi and Q 2 of each inverter. Fig. 2 
shows an example relating to such method, and in the figure, a plurality of inverters 
INVi and INV 2 are connected in parallel to each other. Based on such structure, the 
oscillation transformers can be miniaturized and the electric capacity of the switching 
transistors can be reduced. 

However, since a plurality of inverters are connected in parallel, such method 
has the following problem. Namely, there are cases in which the individual inverters 
INVi and INV 2 oscillate with opposite polarities such that the output voltages are 
negated with each other, and the inverters are therefore stabilized in a state in which no 
output voltage is obtained. This is because the inverters INVi and INV 2 each have a 
separate oscillation feedback winding (which drives the turning on/off of the 
transistor); the reason will be explained with reference to Fig. 3. Leakage inductance 
exists in the output winding of each of the oscillation transformers Tj and T 2 of two 
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inverters INVj and INV 2 , and the inductance is represented as Li and L 2 in the figure. 
Assuming that both of the inverters INVi and INV 2 begin to oscillate such that the 
output voltages have opposite polarities as shown in the figure, load currents ii and i 2 
from the individual inverters INVi and INV 2 flow through the load Z. However, as 
shown in the figure, the polarities are opposite to each other. Thus, if the 
specifications of both of the inverters INVi and INV 2 are made approximately equal to 
each other, the load currents i\ and i 2 are also made approximately equal to each other. 
As a result, no voltage is generated across the load Z, and no electric power is supplied 
from both of the inverters INVi and INV 2 Thus, a current i ou t represented by a 
broken line in the figure circulates through the output windings of the individual 
oscillation transformers Ti and T 2 . This means that, in view of the individual 
inverters, the impedance of other inverters is lower than that of the load Z, and the 
inverters are stabilized in such state. 

If both of the inverters INVi and INV 2 begin to oscillate with the same polarity, 
in this case, the load impedance is determined by the load Z. Thus, there is caused a 
state in which the load impedance is higher compared with the case of the oscillation 
with opposite polarities. Further, the circuit will not be caused in a state in which it 
has two kinds of load impedance, and it is stabilized in the lowest loading state. Thus, 
there is no possibility that the circuit shown in Fig. 3 oscillates with the same polarity 
and stably operates. 
(Object of the Invention) 

The present invention has been made in view of the above points, and it is an 
object of the present invention to provide an inverter apparatus that synthesizes output 
voltages from a plurality of inverters in a parallel manner, wherein each of the 
inverters oscillates with the same polarity and cycle, so as to obtain an effective output 
voltage. 

(Disclosure of the Invention) 

The present invention provides an inverter apparatus in which the output 
voltages of a plurality of inverters are synthesized in parallel, and the individual 
inverters are oscillated with the same polarity and cycle by using the magnetic flux 
interlinking with the feedback windings of each inverter in common. 

The present invention will be hereafter described based on embodiments. Fig. 
4 shows a circuit diagram of an embodiment according to the present invention. A 
transformer T 3 is connected to output terminals to which individual output terminals of 
two push-pull inverters INVi and INV 2 are connected in parallel. Secondary 
windings n4 and ns of the transformer T3 are used as feedback windings, and both 
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terminals a and b of the feedback winding n4 and both terminals c and d of the 
feedback winding n 5 are connected to base terminals of a pair of switching transistors 
Qi and Q 2 and to base terminals of a pair of switching transistors Q 3 and Q 4 of which 
the inverters INVi and INV 2 are composed. Since other structures are identical to 
those shown in Fig. 1, the descriptions thereof are omitted. 

Further, since the magnetic flux of the feedback windings n 4 and n 5 is 
commoditized, by appropriately connecting the feedback windings n 4 and n 5 to the 
base terminals, the cycles and the polarities of the voltages fed back to the individual 
base terminals of the two inverters INVj and INV 2 can be made identical to each other; 
that is, the same phase. Thus, since the oscillating polarity is determined because of 
the above reason, conventional oscillation that negates output voltages can be 
prevented. 

Next, Fig. 5 shows another embodiment. In the same way as in the above 
embodiment, the output terminals of two push-pull inverters INVi and INV 2 are 
connected in parallel to each other, and an oscillation transformer Ti in the inverter 
INVi is provided with windings n 4 and n 5 as feedback windings that are connected to 
the base terminals of the inverters INVi and INV 2 , respectively. In the present 
embodiment, the magnetic flux interlinking with the feedback windings n 4 and n 5 is 
also commoditized, as in the above embodiment. Further, since the polarity of the 
feedback windings n 4 and n 5 is determined, the individual inverter INVi and INV 2 are 
oscillated with the same polarity, and therefore such oscillation that negates output 
voltages can be prevented. Since the transformer T 3 used for feedback windings can 
be omitted in the present embodiment, miniaturization can be achieved as compared 
with the above embodiment. 

Fig. 6 shows still another embodiment. A capacitor C 3 is connected in series 
to the transformer T 3 installed at the output terminal shown in Fig. 3, and the feedback 
windings n 4 and n 5 with which the transformer T 3 is provided are connected to the base 
terminals of the switching transistors in the individual inverters INVi and INV 2 . In 
the present embodiment, the oscillation operation is conducted in the same way as in 
the above embodiments. Further, since the phase of the feedback winding voltage 
leads those of the above embodiments, switching loss of the switching transistors can 
be reduced. 

When discharge lamps, such as fluorescent lamps or HID lamps, are used as 
load Z, current-limiting elements for stabilizing tube currents are necessary since 
discharge lamps have negative volt-ampere characteristics, as widely known. It is 
possible to cause an oscillation transformer of the inverter to produce magnetic 
leakage so that the oscillation transformer has an inductance component as a 



4 



current-limiting element. However, there is a problem of load change; that is, when a 
plurality of lamps are connected in parallel, since the leakage inductance of the 
oscillation transformer is constant with respect to a change in the number of lamps, a 
voltage drop is increased due to the leakage inductance as the number of lamps 
increases, thereby decreasing the tube current of each lamp. In contrast, as in the 
present invention, in cases in which leakage inductance at the oscillation transformer 
T 3 is eliminated and an inductor CH 3 is connected in series to each of the discharge 
lamps Z, such advantageous effect that a change in the tube current of each discharge 
lamp Z is reduced with respect the change in the number of load lamps can be 
obtained. 

Next, in another embodiment shown in Fig. 7, transformer T 4 and T 5 are 
connected in parallel to the output terminals, and the secondary windings n 4 and n 5 of 
the individual transformers T 4 and T 5 are used as feedback windings. Since the flux 
changes at the individual windings n 4 and n 5 are identical to each other, oscillation can 
be caused with the same polarity, as in the above embodiments. 

While two inverter outputs are synthesized in parallel in the above 
embodiments, the number of inverters may be three or more. Further, while full-wave 
rectification is performed on a power supply V s so as to be inputted to each inverter in 
each embodiment, the power supply V s may be inputted to each of the inverters INVi 
and INV 2 via the output terminals of a single full-wave rectifier DB, as shown in Fig. 8. 
Furthermore, two different power supplies V S i and V S 2 may be inputted, as shown in 
Figs. 9 and 10. 

(Effect of the Invention) 

As described above, the present invention provides an inverter apparatus in 
which the output voltages of a plurality of inverters are synthesized in parallel, and the 
individual inverters can be oscillated with the same polarity and cycle by using the 
magnetic flux interlinking with the feedback windings of each inverter in common. 
Thus, output voltages are not reduced, whereby an inverter apparatus in which current 
load is reduced in each inverter can be provided. 

Further, the present invention provides an additional effect that, in cases in 
which load connected to the output terminals is a plurality of discharge lamps 
connected in parallel, even when the number of lamps is changed or when one of the 
discharge lamps becomes unable to be lit due to the life duration thereof, a change in 
current supplied to individual discharge lamps that normally operate can be reduced. 
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